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Chi ldren with cerebral palsy (CP) manifest several developmental disorders of movement and posture causing activity limitation. 1 The motor dysfunction of CP is often accompanied by muscle weakness. 2, 3 Strengthening exercises in children with CP have been contraindicated in Bobath therapy because of the belief that they increase spasticity. 4 However, recent investigations of strength training programs for lower limbs have demonstrated an increase in muscle strength in children with CP, without evidence of an increase in spasticity or abnormal movements. [5] [6] [7] The task-oriented practice of exercise with a closed kinetic chain and multiple-joint movements is currently suggested as an effective mode for strengthening lower limbs. 5,8 -11 Furthermore, functional resistance training, such as sit to stand (STS), can transfer the training effects to gross motor activities. 10 Muscle weakness with low force production in children with CP may be related to incomplete recruitment or decreased motor unit discharge rates or coactivation of antagonist muscles during maximum voluntary contraction. 12 There is a lack of studies exploring the effects of weight resistance on the electromyography (EMG) activities of the agonists and antagonists during STS movements in children with CP. This study was designed to examine the immediate effects of various weight resistances on muscle activity of the lower limbs during STS movements in children with CP.
Previous studies indicated that the resistance intensity for strengthening exercise in children with CP ranged from 50% to 100% of maximum voluntary contraction. 10, 13 The resistance during STS movements for functional strengthening was reported as 50% of one repetition maximum (RM), 10 which is the maximum load a person can bear in his or her body vest for one STS movement. 2, 14 The child's own body was considered as a nonload. 9 However, it is not clear what the motor unit recruitment pattern and the functional performance would be during STS movements with various resistances on the body in children with or without CP.
The purpose of this study was to examine the immediate effects of low to high weight resistances on the phase durations and the lower-limb muscle activity in children with CP and children with typical development during STS movements. The results may provide clinicians with scientific evidence of changes in the motor recruitment of lowerlimb muscles for various weight resistances and their influence on the efficiency of functional performance during STS movements in children with and without CP. They will also provide a reference for designing resistive STS functional strength training.
METHODS Participants
A convenient sample of 15 children with CP (mean age, 8.5 Ϯ 2.2 yrs) and 15 age-matched control group children (mean age, 8.9 Ϯ 1.7 yrs) was included in this study (Table 1) . For children with CP, the motor severity classified by the Gross Motor Function Classification System 15 was from level I to level III, with indications of mild to moderate disability. The inclusion criteria for children with CP were (1) diagnosed as spastic diplegia;
(2) aged between 5 and 12 yrs; (3) able to perform STS movements without assistance; (4) able to understand instructions; (5) no history of surgical treatment, including dorsal rhizotomy, muscle release, tendon lengthening of lower limb, or botulinum toxin injection in the previous 6 mos; and (6) no orthopedic or medical condition preventing the children from attempting loaded STS performance testing. The exclusion criteria were severe orthopedic deformity or pain, visual impairment or deafness, and uncontrolled epilepsy. The inclusion criterion for the control group was subjects free of neuromuscular, orthopedic, and cardiovascular disease. All participants signed a consent form, which was reviewed and approved by the Human 
PROCEDURE
All procedures were standardized. After demographic and anthropometric data had been collected, children stretched their bilateral hip adductors, ankle plantar flexors, hamstrings, and lumbar extensors with ten repetitions per cycle for 5 mins as warm-up exercises. In this study, the chair height was adjusted according to each subject's body height to control for its influence on STS movement. 16 The standardized starting position of each child was to keep hip flexion at 90 degrees, knee flexion at 105 degrees (full extension was defined as 0 degrees), feet with ankle dorsiflexion at 15 degrees, the trunk erect against the seat back, arms folded over the chest, and no foot orthoses. 17 In the resistance conditions, participants carried low, moderate, or heavy loads inside the body vest in a random sequence. Subjects were instructed to stand up at a comfortable speed when they saw the light from the signal light that was placed 2 m in front of them at eye level.
Children were asked to stand up from a chair in response to a light signal controlled by a switch. Two electric switches (one on the seat back at scapula level and the other on the seat) measured movement onset and seat-off. One electrogoniometer (Biometrics Ltd.) was placed on the knee joint to monitor full knee extension. The signals from the EMG, the electrogoniometer, the light switch, and the chair switches were recorded simultaneously on a seven-channel Gould polygraph, and the starting signal was controlled by a light switch to signal to the children when to stand up. The data recorded during STS movements with a weight in the body vest for a child with CP are shown in Figure 1 .
Surface EMG Recording
The surface EMG signals were recorded from three muscles of the dominant leg, namely gluteus maximus (GM), vastus lateralis (VL), and medial hamstring (MH). Disposable bipolar Ag/AgCl disc surface electrodes with a diameter of 1 cm were placed parallel to muscle fibers with a center-tocenter distance of 2 cm. Placement of electrodes was as follows: GM, midpoint between the greater trochanter and the sacrum; VL, anterolateral side of the thigh, 5-finger width from the superior border of the patella; and MH, midpoint of the ischial tuberosity and the medial knee joint line. 18 The surface EMG signals were amplified by a universal amplifier (Gould Instrument Systems, Inc.) with a gain of 1000 times, and the common mode rejection ratio was set at 90 dB. The EMG data were filtered for a bandwidth of 30 -500 Hz with a sampling rate of 1200 Hz. Then the raw EMG signals were integrated using the root mean square (RMS) for every 60 samples using Acq-Knowledge 3.70 software (Biopac System, Inc.). The EMG activities during quiet sitting and STS movements for four resistance conditions for three to five trials per condition were recorded. The data during quiet sitting were used as the baseline activity to determine the onset time when the EMG amplitude was larger than the mean baseline value plus 2 SDs for 50 msecs. 18 Subjects were allowed a 5-min rest between each trial.
Determining Resistance Intensity During STS Movements
The maximal resistance that one person could execute for one repetition was known as 1 RM. 10, 14 Therefore, we defined STSxRM as the maximum load one person could tolerate in his or her body vest for x repetitions of STS movements. 2 In this study, the high, moderate, and low resistances for www.ajpmr.com Sit-to-Stand Movements in Cerebral Palsy STS movements were quantified as STS1RM, STS6RM, and STS10RM, respectively. The loaded STS test was performed 2-3 days before the EMG data collection to determine the resistance intensity. Before testing procedures commenced, children participated in a general warm-up period that consisted of a 5-min period of stretching and warm-up exercises. Each child practiced STS movements three to four times from low load to moderate load at a comfortable speed. During the loaded STS test, the children were asked to stand up, maintain standing for 2 secs, and sit down repeatedly to determine STS1RM, STS6RM, and STS10RM. The weight was added into the body vest at a load initially equal to 50% of the body weight for testing STS1RM. The number of repetitions of the STS trial and perceived effort were used to determine the weight during next trial, and the weight was increased or decreased by between 0.5 and 4 kg for each trial. 10 The children took a break of at least 2 mins between different trials.
The weight added in the body vest was recorded as the load during STSxRM, and the body weight was not included (Table 1) . Although STS1RM values differed among children, they represented the maximum resistance each child could tolerate while performing the loaded STS movement once and were similar to the maximum extensor load of the whole body during a functional task. The testing procedure for determining resistance intensity during STS movements was standardized in our laboratory. It demonstrated good reliability (intraclass correlation coefficient ϭ 0.88 -0.97) 2 and acceptable convergent validities for children with CP and for the children in the control group. 10
Data Analysis
The temporal parameters of the STS movement were analyzed from signals from the switches as follows: As shown in Figure 1 , reaction time was measured from the signal light onset to movement onset; initiation time from movement onset to seat-off; and ascending time (AT) from seat-off to full extension of the knee. Therefore, three phases in standing up were quantified.
The normalized peak EMG amplitude during the STS movement was calculated by dividing the peak EMG amplitude during the ascending phase (RMS STS-max ) by the RMS of the EMG peak amplitude at the isometric maximum voluntary contraction (i.e., RMS STS-max /RMS maximum voluntary contraction ). The RMS of each muscle across the entire overlapping period of the EMG activities was integrated with respect to time for calculating the cocontraction ratio. The cocontraction ratio of the knee flexor/ extensor for stiffness was the normalized integrated EMG of the MH divided by the normalized integrated EMG of the MH plus the normalized integrated EMG of the VL. 19, 20 
Statistical Analysis
The software Statistical Package for Social Science 11.0 (SPSS, Inc.) was used for data analysis. A two-way repeated-measures analysis of variance (two groups ϫ four conditions) was used to analyze the main effects and interactions. For those with significant interactions, the Bonferroni adjustment was used for further analysis of the resistance effect in each group. However, the body weight may be a confounding factor for peak EMG values; therefore, two-way analysis of covariance was conducted using body weight as a covariate. The level of statistical significance for phase durations and EMG parameters was set at ␣ ϭ 0.017 (i.e., 0.05/3).
RESULTS
The basic data for the two groups are presented in Table 1 . There was no significant difference in age (P Ͼ 0.05) between the two groups, but their body height and weight were significantly different (P Ͻ 0.05 by independent t tests). The weight resistances at high, moderate, and low load for children with CP during STS movements were significantly lower than those for children in the control group (P Ͻ 0.001).
Temporal Parameters Among Four STS Resistance Conditions
The phase durations of STS movements for four resistance conditions in the two groups are shown in Figures 2A-C . The primary analysis revealed a significant interaction between group and condition on the AT (P ϭ 0.002) (Fig. 2C ), but no significant interaction was found for reaction time ( Fig. 2A) or initiation time (Fig. 2B ). The AT became significantly longer with increasing resistance in both groups (i.e., none Ͻ low Ͻ moderate Ͻ high in children with CP; none Ͻ low Ͻ [moderate Ϸ high] in the control group), but the AT between the two groups was significantly different only for the high resistance condition (independent t ϭ 3.1, P ϭ 0.004).
For the initiation time, there was a significant main effect for resistance condition (F (3,78) ϭ 13.7, P Ͻ 0.001) without a group main effect (F (1,26) ϭ 1.5, P ϭ 0.12). Further analysis showed that the initiation times at both the moderate-and highresistance conditions were significantly (P Ͻ 0.017) longer than for the no-resistance and lowresistance trials, but no statistical differences between low resistance and no resistance (none Ϸ low) for either group (Fig. 2B) were found. For the reaction time, there were no main effects for group (F (1, 27) ϭ 0.19, P ϭ 0.67) or resistance (F (3, 78) ϭ 0.41, P ϭ 0.75) ( Fig. 2A) .
Normalized Peak EMG Amplitudes Among Four STS Resistance Conditions
Body weight was not a significant covariate factor according to analysis of covariance (F (3, 24) ϭ 0.059, P ϭ 0.98). Therefore, the results of analysis of variance are presented. The mean normalized peak EMG amplitude of VL showed an interaction between the group and resistance condition (F (3,78) ϭ 6.4, P Ͻ 0.001) ( Fig. 2E ), but this was not the case for GM (Fig. 2D ). Post hoc tests revealed that the EMG amplitude of VL under low and high resistance conditions was significantly higher than that for the no-resistance condition (P Ͻ 0.005) in the control group, whereas no significant differences between low, moderate, and high resistances in children with CP were found ( Fig. 2E) . However, the peak amplitude of VL increased with increasing resistance in the control group, that is, none Ͻ low Ͻ moderate Ͻ high. Compared with the children in the control group, the mean normalized peak EMG amplitudes of the VL in children with CP were higher for the no-(P Ͻ 0.001) and low-(P ϭ 0.010) resistance conditions but not for the moderate-and high-resistance conditions.
There was no significant main effect of group on the normalized mean peak EMG amplitudes of GM (F (1, 26) ϭ 5.4, P ϭ 0.028) (Fig. 2D ). However, the main effect of resistance in the GM muscles ( Fig. 2D ) showed higher EMG amplitudes (F (3,78) ϭ 10.7, P Ͻ 0.001) with resistance than without resistance, that is, none Ͻ low Ϸ moderate Ϸ high for the whole group (i.e., both for children in the control group and children with CP). 
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Cocontraction Ratio Between Four STS Resistance Conditions
The cocontraction ratio of the MH/VL couple had a significant main effect for the group (Table 2) , and children with CP had a higher cocontraction ratio for the MH/VL than the control group had (F (1, 26) ϭ 14.6, P ϭ 0.001) at all resistance levels.
DISCUSSION
The major findings in this study showed that the ascending phase duration and the peak EMG of VL had a significant interaction between the two groups across four resistance conditions. Children with CP took longer time to stand up with high resistance while the peak EMG amplitude of VL (agonist during STS movements) did not increase with increasing resistance as it did in the control group. Furthermore, children with CP stood up with more cocontraction of the antagonist (hamstring) at the knees than children in control group did at all resistance levels.
The results of the STS temporal parameters between children with and without CP are similar to those from a previous study. Hennington et al. 21 found both the flexion-momentum phase and momentum-transfer phase (i.e., initiation time in this study) of STS movements were not significantly different between the two groups, and children with CP took longer time for the extension phase (i.e., AT in this study). The current study further demonstrated that the AT during STS movements for children with CP was significantly longer than that for the control group only at high resistance.
The weight resistance did not deteriorate the efficiency of the STS movement at low to moderate load and need not be avoided for children with CP.
In children with CP, this study showed that the peak EMG amplitudes of agonists during STS movements with various resistances were significantly higher than those without resistance. This finding is similar to a previous study where the increasing loads of a thigh exerciser could signifi-cantly increase the EMG activities of the VL in young adults. 22 Within a contracting muscle, the higher percentage of EMG may come from an increased recruitment of motor units, increased motor unit discharges, or increased activation of motor units in a synchronized way. 23 Thus, the strengthening effects of agonists in STS movements with resistance would be expected. The low resistance-STS10RM-in this study is close to 50%-75% of STS1RM used in previous studies 5, 10 and increases muscle activity without reducing STS efficiency. Therefore, we suggest that STS movements with low resistance might be used to increase EMG activation at the beginning in children with CP as proposed by the Canadian Society for Exercise Physiology who prescribe a "light to moderate load initially in the resistance exercise." 11 This study also found that there were no significant differences in peak VL EMGs for low-, moderate-, and high-resistance conditions in children with CP. This means that the weight increment at low resistance might reach a plateau for muscular activation of VL. A previous study showed that children with CP had lower agonist voluntary muscle activation during maximum voluntary contraction and that using voluntary contractions alone for strength training may not produce enough force to induce muscle hypertrophy. 12 Therefore, we suggest further research to see whether activation of VL will be improved by a strengthening therapy. Percutaneous neuromuscular electrical stimulation has been found to be more effective than volitional isometric strengthening for increasing muscle strength and the cross-sectional area of the quadriceps in children with spastic diplegia. 24 Therefore, in the future, alternative methods, in addition to progressive resistance training, may be considered for muscle strengthening programs for children with CP.
The results of the current study also agreed with findings from a previous study in which children with CP had greater antagonist coactivation during maximum voluntary isometric contraction of agonists than children in the control group did. 12 The role of cocontraction of antagonist muscles during closed kinetic chain movement has been viewed in two opposing ways. The hamstring muscles can act as hip extensors during standing up. 25 Therefore, the coactivation of MH is regarded as normal and could even be desirable during STS movements. In contrast, cocontraction of antagonist muscles has been said to impair force magnitude, rate of force production, and intersegmental coordination by acting as an "antagonist restraint." 26 In this study, the higher cocontraction ratio in children with CP compared with the control group was as a result of relatively higher MH (antagonist) activation than VL (agonist). Further analysis showed that the high cocontraction ratio did not significantly correlate with the high load (STS1RM) in the CP group. In this study, the higher cocontraction ratio in children with CP compared with the control group may be as a result of the compensation effects of insufficient GM and VL strength or immature movement control. The limitations of this study included the following: (1) the sample size was not large enough, but the Bonferroni adjustment was used to reduce the type I error of the statistics; (2) the convenient sample used for this study might not be representative of children with CP in which a larger proportion are Gross Motor Function Classification System level I, 27 but this study did include children with various levels of severity of motor impairment. Nevertheless, the clinical application of this study included that resistive STS recordings provided information for the understanding of the responses in children wearing a schoolbag or weights during STS movements and provided quantitative background for functional strength training in children with CP. Future studies are suggested to examine more kinematic and kinetic variables during resistive STS movements.
CONCLUSIONS
The children with CP and those with typical development responded differently to weight resistance during STS movements. Children with CP stood up more slowly and did not increase agonist contraction with higher loads as did the control group. However, STS movements with loads in children with CP could increase the agonist activation more than a no-load condition. Future research is needed to see whether agonist activation will be improved with strengthening therapy.
